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P#«{fflOgfc!B}¥3Wi orat^m^^T^r^g-ft 

=Sr*JB 1 fc»2«fiMB8MP»*Mii:*«*S*iT«r* n 

**m 3 «4 aaffiRMFtffMi fc #WI ZtlX ft £ p 
fi!lM^@tg^«$-#t- * <! fc ft Ifatf&SMEHMm** 

*=?.- 

[M#H5.] Kr^l^-fkfe^^ji^fcv^T. fla 
< Lfcil^4iE*0»0^fl*P. 

[»*3H6 1 me* i nmiLwmfcmv) ni?«i 

it^'lX 1 O^/cmS—l X 1 O^/cn^^HtCib 

[ M$ig 7 ] mrie n mmx-mm-mizm ^x . mem 

l ^S«Ht#3Wtti«L liFlEm 20BftM¥«fM <k 0 



[ff:£JS8] tOT2»2^afl5ft a NWMifcfe^'C, « 

em i ^afls» 2 i^*(cj6^4aM^ n iw 

x i o^xcmmrx-h^) . mz&.zvy'mm 
mmm<r>n.mpmmm^\ x 1 o»'/c«9~i x 1 

0 2 « /c uP tf)igBT'& & If 7 XJi 8 IS8tf>Mffc!B9¥ 

[ msm i o ] mfiem 1 nmrn^mwrnte a i y g 
ai . Y N (o<y<d *&$ro, mriem2oa-fk#^# 

n x G ai - x N (0^X<1) frt>%:&ffimJM4 

imtm 1 1 ] worn 2 <rm4w*mfcm#G aN*> 
in$m 1 2 ] ffnem 1 ^mm^mwmitA 1 x g 

a,.,N (0<X<1 ) 19ie»2<OflMfc«j2|i 
SWltiA ljGaj.jN (0<Y<1 , ,X>Y) *^ft 

s if *3S4 ~ 9 <7> o *> cr> 1 ^zim^mim^mwm 
[ if 1 3 ] BuiEm 1 coa-f t!fe¥#te«xti itnem 
ftv^if^®4~ 1 20 5 ^><ovvf ft** 1 ^zimnmit 
[ 14] tots p w&*m®=?mizt$ v %t . Hate 

*)Jz% W^y K^r-v >y TJ:^;^-i:flfriem40M-fl:!|?J 
0^:#v^pS^M!l^Sfcft^r-r-S»^2 

xti 3 iem^a-ffc!83¥##SH% 

CIS^15] |JriBm30g>ft;!fe^««c«^i5V^T. 

friBm4 <7)m{km¥mftmizi&m-t&®ftco p m?mm 
immm 1 6 1 miwi3<nmim^w.m(r>v>m?m 

Wmg.tfl X 1 0i 8 /cm3~l X 1.0 21 /cai3<7)^ffl^*> 

2o/c#mTT'£>SM;£3Sl 1X«1 2lfi»Og^^ 

[If^ 1 7 ] lufepffl!l^«gt&?ilfcfcv^'C. bSIB 
m3<0SMk!|MmWMHi. MIBm40^t;i!?!l#^«cilj: 
vv\'> K^r-v «y 7^*)V*?-tmdm4cn>mmi 

Xi4 3 E«<OH^tt4mWMHF. 

mn am 3 aamNMMfcs&s -r P m?mm 
[ if*^ 1 9 ] Hfrtam 3 (Dm<(t®*mfom<r> p m^fm 
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mrnmvix 1 o 2 <>/ctfiaT-e£>9> mA<rm.\m* 
mwmco P m^w&mm* 1 x 1 o i8 /cm3~ 1x10 

2 *o ] iwies& 3 <r>mm*mwmte a i y g 

ai . Y N (0<Y<1 9. H«ie^40g^^ 

flsjflil njGai.jN (0^X<1 ) *>^SIf*^l 

4~i9^at>^i oicie^gfl^^f**^. 

2 1 ] !ufeiS4 ^g«^#/f #G aNi> 
[flf*^ 2 2 ] Bifie^ 3 OS-fk^^^ti A 1 x G 

ai . x N <o<x<i ) frb**). ms£m4<r>m<m^ 

jgEtisJg(iAl Y G ai - Y N (0<Y<1, X>Y) *>^>=3r 

i»iS^JS i4~i9^»a^><oi otf e&^MW^ffc 

^m$&% 1 4 ~ 2 2 <0 0 *><9V 1 Otl£fJ<7)g 

9*£ V v*>- -y T^*fc*r-tffi§dm2<7>mttM 

J^mS^l X 1 0"/crf~l X I O 20 /cn?<O®H-Cib 
«*T", ^2^M^!BJ^*S^nS^6«fig* s l x 1 

mm^s<om-(mi¥^mwmcr>pmp^m.mmm t i x 1 o 

g^^ffrS^pM^fc^tf l x 1 O 20 /cm 3 & 

[it^2 6 1 mzntimx-mt&f-miz&^x . tne 

9** F=¥-* ^ri^/Nf- i: B»ffe^2<7)g"fftB!l 

BufBpfflSM^fS^B^fe^'C^ fl«iBII3^-n:!^^ 
fc«t±. MiS^4^)gfb!}?!l^#^»«fc9^#vvN->-Kdf 
* <y rxaM^f — t ms 5^4 ^^-(t^^f*:^ <fc 9 

istmm 2 7 ] Mi2^ i com.itwmftm<r) ni?a 

WtgjbU X 1 0 17 /ctf~l X 1 O 20 /crf^HtJ) 
-,t. ^2cOM-fl:^}^*SOnM^fS3i8E^'l X 1 
0 1 */cm*WFX'fo 9 

TralS^S^g^^^JicOpm^^fflg^l X 1 0 



PS^WIWMW*! X 1 Oi8/cm3~l X 1 0 21 /cn>3tf) 

[»^S2 8 ] 8*12 nfflffi^lBtt^at^V^T . iUlB 

9:*:£ irVO F^ -y 7x*rt^— fc«flEW2tfMM5H! 
«fc 9 *3 V > n S^fe^JSi: 

«ejb«. me*4 com-towmttm* 9*# 

* vTx*/i^-fci*fem^^¥^{Wf £ o** 

v*pS*«*»Ki: £W^&ii^3fs«^@»N^ 

1 x 1 0 1 9 /cm3i2lTt'S> ->"C . 1WB*2«oa 
ft!fe^ffcJl^nMWilil£#l X 1 Oi7/cm3~l 
X 1 O 20 /cm3cOKH'CS>9*^. 
|fflB®3<0M^^^«^pM :; f*fi ! MilJ^* { l X 1 0 
i8/cm 3 ~l X 1 O^/cr&OfflfflX'&iX. Byf£S54<7) 
Stt^^SOpM^il^iilS* 1 ! X 1 0 2 <>/cm3m 
T-C&l.»^ia2 8lS«<0^^^*SiF. 

9^ w^O'K^ 7rx*K- t«nasi2ws ; fi:!fe 

MEpfflBi^t&'Fat-^^'C > f«em3cog^4^ 

^ . y n*;^- i: lul£^4 <30Mfli!|%^#*® * 9 /J^S 
V^pS^*«!B!iaJgi: ^*-T-&it*Ja3lS®cOM'ffe:!^^ 

[H^ 3 1 ] 1 ^g-fk%^*«<0 nl?M 

!|*rii^3&* i x i o'Vctfi-fft^T; msMwm 
wffimfcm?) nw^Pm&mtf i x i o»/rf- 1 

x 1 0 2 »/cBi3o3Sffl-CS)9* i o, 
Mia^SOS^^i^Ji^pM^EiHil^AU x 1 0 

2o/c#JJlT'CS>9. t-^>9. ^fOM-fk^J^^S^ 
pWPFm9MB.&l X 1 0 18 /cn3~l X 1 0 21 /cn?c7) 

^ i eom-ftm^mwrna a i y g a i n ( o <y< i ) 
*>^9. |frie^2^^b!|48¥^*«i±i nuGa,.^ 

(0<X<1 ) *»4>^r9*^. 
BalBpll^S<&?ii^fcv^. h8M3<OS^^ 
ffcJItiA 1 Y Gai_ Y N (0<Y<1 ) B'JlB^ 
4<0g-fk!|%l^«Ea(i I nxGa^jN (0^X<1 ) 
£>3r&ift£JH2 4—3 lcoo-hoiUzsm&Mikm* 

[ 3 4] mie n ne^aafg^ n tct? . mis 
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JBl^SMSttMNIfMlttAlxGawN (0<X<1) 
0 , B<ffB3S2^Stt%¥3ittJl(iA l,Ga,.,N 
(0<Y<1 , X>Y) fr£>3:9. 

ffcJBliA lxGai-xN (0<X<1 ) BUfESS 
4<oaflS» i l s **WiliAl»Gai.»N < 0<Y< 1 . X 
> Y > -*»<.'*%tll*Jt2-4 ~ 3 lOHOl OfcKttcO 

[W3R1S3 5 ] mem i ^muHMNmidixumefli 
wry k —yfflX'h & ft^is 2 4~3 4 <o 3 1 ot; 
[»*JS3 e ] MiBm3^a^4^^iix«Hifie^ 

f>TXF -7*® "C* Sit$3S 2 4 — 3 4 tf) o *>c?> 1 Otc 

[»*^3 7 ] ffffiSSttflftP I n G a N*£*trf||$ 
1 — 3 6 CO 0 ^«OVW 1 ofcE«<oaflS«B2MWtc 

3 8] mlB I n G a NS^#FfC* h 

mt&Fm-ch&m&m i~3 s«o? ^v^-m** 1 otc 

^tfe^ffcXfctG a Ni^Sr 0 . ^FM!BJ«S*-' 1 x 1 
PlB&^M^^ttiSt^. 

£. f!rfB&1±»0#F«&tmta3fc#>f KSJ: 0 

v h^-v y rx^-*t Lfr-omm 0 . 1 /* m 
^^y-mco^mms^i x 1 o i8 /cm 3 £jih-e&& 

ff§:£JH4 0XiA4 lEttOfiHBfW 4 ***^. 
[ Hf^S4 3 ] tufB3fc# 4 h* Ji fc tuIB* +77lk a* 



1-4 3^3 *?<ov v^na* i ofcsaofiflai^** 

[000 1] 

t9M09imSElt»IP] *fKBfi> LED (9K%^ 
3T-H) . LD (Ix— W-fj*-K) . fcSHliXWS 
jH*v*yhyj*-\< (SLD) ^OfBfcfR^. ± 

n«fi. ^y^~m<^tm=f-. hh^ith^y^ 

S^fdnsAlyGa,.,^^ O^X. O^Y. X+ 
Y^l ) iffl^JfFfcmtS. =5r±3. *Bj$astfevx 
TtMnHKlnjGaj.jN, Al,Ga,. v Nf(i 

zmwrn*. im-coMtf&tx'xkztix ^x *> . zither, 

[0002] 

[aaw&an] m^m^mmiimmim, led. mis 

feLEDcOW^fcLT, 7M7-LEDfU7l/ 
^>0^-«^^^(C^ffl$iX^LED{i. I nGaNi 

^hWFM^-thn.-m.^^pmm. ( s qw : sing 

le-Quantum- Well) . ^ L < <i#**-?#F«it (MQ 
W : Multi -Quantum-Well ) <D$gttJf nMM-fb^^ 
pSM-fli^^^ilfc^^iix^^^l^sX 
oflBgiHr bT . I n G a N 

[0003] £fc. *ajHA(i. «3£-^W^fflv>T 

/^x«sT. M?a-c^4 1 o nm^u-^^m^m^- 

X-W>X$tmttz Jpn. J-Appl Phys.35(1996)L 
74. J P n.J.Appl.Phys.35(19%)L217^}. ZCOU— if* 
^{i. I n G a N <fc 0 ^S#F«SrfflV^^««^#F 

12jus, ^^12ms^ftt. Kffi«SE6 1 0 
m A , mMffl®&8 . 7 k A/cm2 . 4 1 0 n mC0$t 

hys. Lett. 69(1996) 1477lCiJ V iXft&Ltl . If 

1 m s . fi — T" -Jfc 0 . 1 sffimss 1 
8 7mA. IKffittS£®j£ 3 k A/cm^ .410 n mOH 

19%^12^2B-^- ^BiSfS. Appl.Phys.Lett.69d 
996)3034. Ap P l.Phys.Lett.69(1996)4056 ZOU 

-vm^iz 2 o v vr . 3 . 6 k a/ 

cm2. HffimE5. 5V. 1. 5mWm*fc:*5V^-C. 2 
7B#iicOiiigEfS*B2TSrr„ 
[0004 ] 
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JifeLEDtSWI^rinimSS (If) 20mAt\ M 
■%foW.E. (Vf)^3. 4V—3. 6Vfo*), GaAl 
A s %k<7)*mfa£ 0 & L E D feifc^T 2 VJ3LL* 

DTlilWrco«au «EAWii&< . SSltJ-JMSHBl 

d =5: . $ h feSWtfWv ***** & . 
[0005] l^-lfS^OimWEfcttTS** £ k ** 
T'Ztltf. -e<0tt«*LED*F-fcatffl'*-4t, LED 

5fiM%s&£g&*- & c k fe* * . 

[00 06 3 

fcij wc „ *§tt«2Wtf>v vtffi*» 1 ofeLktf>W# 
Jl£S*iBt&^»jlk'$-S £ k feJ: 0 . ^¥##Jitf>*S 

jMsm^miwMifcfev^r. f?ie*SttJS k mtuzftM- „ ^ 

L < t±« k fcteSfe -5> > fey h* *f ■* w 7<c*A*e— 
jW5t 0 **-?SV *fe nS7W8lttKft<Jl&£ JB 1 k 2 
<DMfc^^#:«k#«Jf $fc/C3:S a«SWB»TW 

[000 73 * tetMOB 2'«SMl* a Ni#*FI4» 

«1±«kJS*i*:fiS. *L<li»Lfcffi«fe, EV*(c/< 
y l< ^.^xiM^— 4*i$Qr 0 **-pSV %fe p M3>*BBj 
W£*sA&S&3 k SS4 iOS-ft^^fr® k aqWf S*i 

<0^kLTOi£ffi3*/h;*<T'£&. ££T\ P^mfflS 
ktivgttSkiE*Si (Pttfii) fcaMfefc6Kfl4IMN* 

*«£^u nmmmbte. m&m^^xpmmmb 
^miz&&mim¥mikmt:igth<?>b-r&* 
m i com<m*mftm b%i «ittff*i k *>wi 

mb^mmmfrumi?*^?- bum? *Tfc*v*. 

[ 0 0 0 8 3 $ £ fe*8ffi0>*S 3 OM-fcife^ffcii^ 



K*oT, miien^ttlBI^-fkiHi^^Jifefc^T. 

usastWkiwutiaM. «L<t4»L/s«a«fe. 

S*LT*4 nfiffi»«<frPJlfc*-U mteP^«ffl!l^M 
^^flcSfefcv^T. mSZSGMbmtvfcQSt* ^k 

< L^fiSfe. m-*&*y 7rx*K-4« 

#!& 9 i«B He pS^fcfi!feli§IS#S : 5: &Sfl 3 k SI4 tf> 
M^¥^fWlk#«B$;h--C3:<5. pffiSS*i@t&^f £ 
ttZZbtmibj-h. tfiCi^t, S^JfCiS 

x\ nmnmRi/pmmMcomi£wm&m<?>£teb t 
xco&mZ'bZ <x?z&. 

[00093 *WU«»5 1 Xtifg 3 ^a-fL^^w*^ 1 

<D^te^^«rf-^ .aflB&srw: K/i<of*ii^ : 5r< fc t> i s 

ay? 7 hM. ^-t U THtaabk-VCOp ffi!^ 5 >y H 
^-'5r< k i> im<oMb L,X&jRZti&. 

[ooio 3 i mfmscmwrn^mmk^ 

SfeftffcLT. ^KitfciwL, Wn§< k-Ct>J: 
v v,OTB* 1 ^M^^tWi^^^SSSrSSZ <oM 
^^fls«<0^M!Bj?iSISfeit®kT^^< Ltzmi*. 

<7)/h$</^2^-(k!|?!l 2 t^#:iifeaAT*#. 8EA$^ 

\m^wmx^m^h^bifix**h<rTZ. mm^m 

<DWm&iZ'bZ<X'ZZ>. lit, *HJ§»WfeJ3V> 
T. nffl9S^^Skpffi!lS^-i@^«k$-i^lSLT 
nf^i: ^(i. ±i£c9«k d femfe0*&?-»kn?^. 

[ooii3*^, mie^ i cDmim^mfomco^Fim 

Wm*9S 2 o^t;!|%^Sf*«^tE!|^im^feJtlS LT^c 

# < » i vmimtrntomTx-tt. mm^m 
<m i nmfcwmwmiz&^x . « 2 coaflawmw* 

x. ^nmm^wmtt&wrt-z^vTtf. m 
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[0012] £*W(C*i. !g 1 , S53^)ffifl:iBMIHi*« 
^icio wc . /\'>- -y rx^/P^— vsn 1 o 
S^^W(Cn&*Wft*#< H-TiT ft 

1 OMft^*I«nMWI# 1 X 1 0 17 /cm 

E<OnSWHSig«#. mOgfc!fe¥#fWI<fcO*$ 
<*>o 1 x 1 Oi9/cm3JilTt^-r^^i:^»S L 

^^ttJfcDnM^i&lfc^te. lXlOis/ctfJUT 
T'£>£ £ fcdU 00* L< . 1X1 on/ctfmTX'h 

m<onm^mm&mii'bZiftiif'h2^iit'£< . jg2 

Ogffc!fel¥#ffcJI£T> K-7 ( u n d o P e ) EP 
[ 0 O 1 3 ] *fc . Miem 1 ««fl3«^MWWI<VF»l* 

lam 1 cogft^^tt/i^jg-rsgfrftco niTOw 
s^Btfiam 1 ^^%^»ft®*^a6h.fe^tcifc« l 
T/jN$<-r6£i:#£Fiu->. inem co^fk 
^^^iio^i^me^m 2 nmm&mwmn^w. 

mftmconmiFmmmwi x 1 o^/cb^ujitt'*) 

0 » ffiTSEIB 2 <0MflS»¥«MMI<?5 n&*K»iM&F 1 x 

i o^/c^—i x 1 0*0/0$ cr)&mx'hhztim$. 

x i O'V-tmflaT, $4>t;:0* L<iil x 1 Oi'/ 
c mW, «i>0* L<{iT^H-T ( u n d o P 
e ) - s ^fcfe^^WSf^SHWfcH-T-L^rVvRB** 

[0014] *lXlffl!3^SaMl:«MNWI*FT' 

tSItmSAljGa^N (0<Y<l)T-7gj£ 
U Huiem2^a^^«c^^Jt^Wx^;^-^> 

T-£& IniGa,.,N (0^X<1 ) b& 
0£LO. 

[00 15] sfcfc. *lAV»30fiMKWNWWIt : PT' 
fcL j@t&^«(^tJ^>T. BffiSm2^'fk%^#cJi3&<G 
aNj&^&&£fc#£^0*U^ ZtllZi^X. flu 

ess i <ofi^NMMi ( a i y g a,., n ) t . Kfiem 
x-h&. 

[ooi6] ttz. miRvm3<^fcwmwm=f-x' 



»±» @t^FS(c*3V^T. lineal ^BftMHNIfMlttA 
l x G ai . x N (0<X<1) TttJftU msm2cr>mt 

m*mftmuA i Y G ai . y N (o<y<i, x>y> t 
[0017]$ t>tz* Kftem i waftM^Wixirtir 

[0018] *wR<n&2m/m3nmm¥mm=F 

^. l9flS^3cOg^¥««c*c0^tt!ftJftSS-m4<OM 

a- y r K^f -v 7n^K-«*i 3rH3 com 
o/Jn$ v^4 <nwjmm£w.miz&Kxi* . 
ttM¥mi*mx'&mzitz>zttfX'Zz>(?)x\ tm^m 

[0019] ifc. »2at^3»aMB» i NWt*F , r 
tt, Mem3<7)M^ i t i #«=«cO^!i?!imK^ll4<OS 

s<s^»<om i nmwmmwm k*j^t . ^4 cos-ft 
x. m4<?>mim ! m#m*i:&mt&**VT&. m 

[ 0 0 2 0 ] 1 ^2, m3<0S^!H!l^«c*^fc 
MBIl3<o^-ft;!|%)^^co^!|?jaiJ^^m4<o 

-£\ h^-v 77x^-^1 v^3 omim* 
mw.mcovWPtmmmti x i o i8 /crf~i x i o 

2 1 /cm* co^H^ft *) . 1^4 C0M^¥##:®C0 p M^F 

ftiftnftK^. ^3<ogfl5Bj^^a<o^*fi!|U«^cl:0/h 
§<i>olxi 02«/'ciD3J^Tfc^rs £ fc *>'J; 00 

a^^f*S{i ixi o^/c^vxrx-hh z t 

00* K, ixi O^/ctftXfX'hh Z btfZ 

0*t^. -t%t>*>. &4<nmwmmwm<rfimm.* 
[ o o 2 1 ] itz. m2msm3<Dm<tm*mi>m?iz 

fe^-c. Huiem3<oM-ft;!^^^co^^iilje&m4 
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imssm comitm^mfomizii^x . mm 3 c?>m 
[ 0 0 2 2 ] w, 2x.tsm3 <Qmm&mim=Ffc 

■£v Mie^ 3 co^-fb^^f*;® ^ p S/FttftiftKtf 1 x 

1 0 2 0 /ca 3 J2TFC* 0 . S&4 OMft%¥##:Jf P M 
^WfoW&& 1 X 1 O^/cm 3 —! X 1 0 21 / / cm3<O^H 
X'hhZ\ttm&L^. W, ffiBf&3^gft!&¥##:Ji 
li. lxiOVcm'OT^ §^«ff*L<J;il x 1 
0 18 /-cm3JilT. StiifiL<{iT^H-r (und 

ope ) . ^mmzmmmzF-TL*^ 
[ 0023] zti. &2mfm3<r>mfcwmtem=f-fc 

SAlyGa^N (0<Y<1) TJ^JftU 1<ifegS4<75 
OflSBl^NWMi* I n I Ga 1 .,N ,(-,0^X<l ) T'^ 
t^Cir^t to . flqf ESS 4 coM^^«seti , G 

fEm3<^fc!ft¥3¥ttJl ( A 1 y G a-i-y N ) i:. TtiFiBlfl 
4 nm-ttM^mfom ( G a N > h £P1 tSBM^T'jfcft 

[0024] &tz\ ^jm^ammmmm^z 
&\*x.mim3nm{£®*mi*mteA 1 ,Ga,.,N 
( o < x< 1 ) Tmmv .* «rias&4 ^sMBS^NWWWi 

A l,Ga,- Y N ( 0<Y<1, X>Y) -C»l£UCt>«fc 
to. 

[00 2 5] ^XtfflSS^SHfcWiNWt*^ 

fcwe. • wriem3 o^b!fei#^«xiiBuie^4«og-a: 

[ 0 0 2 6 ] g£3 tO^Hj^ffcit^-CJi. M^nifflS 

frfm^miz&^x . mm 1 «owhimi*»hs»*v , «>' 

p,?* .yrx*yl^-#15faf&2 wlfflfiftlo^ 
y^./ 7x*;l/^- iD±l<> *^miie^ 1 
«!£2g#:JlO n M^&W^MEJS 2 «>Sflftfe¥* 

tmrmiz&^x. mm3<^twmwm^>^ 

y :rx*^-#MfeSfl 4 «»1*HWMIW^ 

K^f a- yrx^df-i < „ fr-om?M3<Dm{t 
mzmftmn p m wftmisa* mm a comtwt&fo 

<o*& % - Binem 1 og-ft^^wi <?> n iRtwi 5 

1 x 1 0 17 /c^~ix 1 O^/cm^SBT'&oT. W, 
2<nmtm^Wm<KnW^iiimm£&l X 1 0 19 /cm 



M^t^U^^ 1X1 0 18 /cm 3 ~l x 1 0»/c#«Wt 
Miem4^^^«s®^pM^M!RJi8K* i 
1X1 0 2 ° /en 3 OTT'S) h^h Lto. 

[ o o 2 7 ] m 3 nm.im i mtm=?x'i*. ma 

nfflS^jSt&^WKiS toT , mzm l cOM-ft^^ffcJl 

7-x^;^-i:B5ifam2cOM^^^Si 9*#ton 

SAjSJS^JlfctitoT. 1*feJ&3^S4M^&#:«Ji. 
fl«IBm4<7)^b!K!i^ft®«k H^-v 7/x 

X 1 0 17 /'cm 3 ~l X 1 O 20 /cm 3 cO^HT*S>-5t. ^2 
^•flSa^*«<0nM^*fi!ft6RS&^l X 1 O^/cin 3 

WTX'fo o iffiem 3 (omtwmfom <r> P 

^jgjgAU x 1 O 20 /cm 3 £rF"C&9. (:Jb0v «4^) 

^t%^«se<o p m^mmi&tf i x 1 o 1 • /cm 3 ~ 

1 X 1 0 21 /cm 3 <O^-C£>££fcJ&W;fc LV^ 

[0028] t-tzi^^wm^mim^x-ii.. mi 
nmm*mwFmiz&v<>x . itJiem^MM&^ffr® 

(i. tt»R 2 ^ffl^Ii vvn'^ H^-r -y 
rx^;^-tmiie^20M^^*«J: 

^r. mfia^3<oM«^*«ti. mm4<Dmiffl> 

4 OS^^f*:® J: 0 £ v * P M^lfcf&RlUg i: fr^TT 

g^^flsji^nM^miKiifije^ 1 x 1 oisycttpy. 

TX'h^X . 1ulBm2<OSfl:!t?9¥#^«^ nM^!B!Ri 
Jg**l X.10 17 /cb 3 ~1 X 1 O 20 /cm 3 ^H-CS>03& i 

mfe^s^^^^w^ps^^jfts^i x 

1 0 18 /cm 3 ~l X 1 0 21 /cB 3 Olif*^>"C, ffif^l 
4oS-ft;!|ta^#«<OpM^*iE!H8iSU^l x l o 2 o/cm 

[0029]$ 4»tC, Jg3<DM«^f*^-m, p 

«(4^ B0lE^2fiO^b!l?!i^*®«J; •>** VV<>- h'^ 

nM^*fi*feli^i: L*^. mriEpffl!@l^i@< ! &^S(- 
t>^T. BUiam3^^^*«(4. SuE^4<0^k 

^4 cO^b^^^S J: 9 V % p M^^iiJS t ^r* 

•rs J: d {;t^r-& - 1 tfx-% h . £ <7)%^. mie^ 1 

cOM^^S^ii^nM^^JS^l x 1 0 19 /ci# 

o r , mzm 2 <rm mmswrn <r> n m^wk 

igJg*U X 1 0 17 /cm 3 ~l X 1 O 20 /cm 3 C9Kffl"e& l 5- 

Buiems^-ft^^^s^ps^^i^i 

X 1 0 2 »/cm 3 fcJlT'e£>D. ^4Oltt^*I«0P 
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SPFMMmfetfl X 1 Oi8/cm3~l X 1 0 21 /cm3cO© 

[0030] »30BflSft i l £ *«*F'Ctt. BufBnffiiffi 

jGai-yN (0<Y<1 ) T&f&L. miffi2<7>mttM 
^ittlnsGa,.^ ( 0^X<1 ) -t'Bj£L*» 

*mWMKiAl T Ga w N (0<Y<1) T'^jfcL. «r 
f BffS4 cOg-fb^*»*S{i In,Ga 1 .,N{OgX< 

i ) -cj»aw-*£ & . § fe^. m^m2 

[0031] msnmitm^mtm^x'te. mznmw 
x-mfeTmiz&^x. mrtBSfi i <r>mah*mmii±A i 

xGai-xN (0<X<1 ) T'^L. BiifBSB 2 aBftffli 
^#«c«(SAl Y Ga liY N (0<Y<1. X>Y) TJB 
j£U 1fflpH£*jB»F«fc:i3Vvt. Miem3cOM>fl: 
ft^ftiliAlxGaj-jN (0<X<1 ) 

itrie^4 comsm^mwrnii a i Y g ai _, n < o <y< 
i f x>y> x'&m-z>zttfx'%&. 

[0032] $ 'fefc, S30g£«MTOi, BU 

ibis i cr>mm*mwmxii. mriESfs 2 

hzt l < . i?fis* 3 coa^it^^wxjiHfria 

[00 3 3] m 1 ffs 2 is 3 <nmm&mwm=f-x' 

iiv WaKSffii* 1 ! nGaN®^tf«Ii:**»*L<. 
ffffB I n G a N«*>'*^#F«T-$) 6 <T fc fe l=*JS 

Jt.Ul, #K»^#F«iIT'£>oTfe±^. 
[0034] &Jfc. ^^(C^i.lOOffiaoS'fli^ 
^f**^, B0ievStt«3&>*pffl!l^7 •/ h'Jffc nffig? 7 >y 

[0035] ifc. iwfBl— -ffgHS^Tli. TwIBpW 
?77 h'« i: *§£Jf i: XfifufEP ffl9? v -y h'S i: 
S14«i:<orao^<kfe-^c. In^^tjSftWP 
^flcXteGaN^fe&O. ^*#B!li&£#*l X 1 0 19 /cm 

tt^SIt lxi O l8 /cnPkn r T£>.SC: i:**J; 
L<. lxi Oi7/c 1 i 1 3JilT-C'S>Sii:3&^fetcif?iL 
<. T>-h'-7^:-fc^ii:*^fe»iLv^ ft. flyfBft 



^ Fmimm-fflkizLx^iw 
[0036]$ fete. tuiB^w KakiSttJikora 
t. sffifo^Fsat/HuiBTe^M kkda>h^ 7 

w-r-s . m 0 . 1 m myromifflftrnftx k>%&* 

-V «y 7mtf&&ZtlZ Z t ifilRt. L < . Z<Q*-r-yy°M 

Z'J?%<-tZZb&X'Z2>. ZOfctf-l HJiXlf^-^ -y 
[0037] 4fcafc»!)ifc*JVYr»±. H 1 ~IH30SfL 

<fc;«*l^#:e*>feWfB«gl8SrSa J: o iztfL^Zttm. 
^#f^**»fe^S^^^f*«Ko±fc:3giRt-s c: 

HfSBB-C'ti. Sfl^Ni 

«*F3WBj«sixfc (xii^ti^^) m.itm^mi^m 

*LTfe«t^. 
[0038] 

mitm^tm?nffimz^?m5m%mmmx'$>&. 

mizmimm<?)u~>fm=Fk^o . )X'*>->x.mi 
i±. u^ftcTmmxmzmmttfox^ttwmLtz 
mc?>mm£mmiz*Lx^&. bit. mizmivx 
*m$<mmm!,z^xwm-& . 
[0039] *-r. m 1 iza^x . ^^iOTofeo 

fflz.i$y~7T4T. S i C. Si. 

GaAs. ZnO^WmO^-S^OitC^Six 
^. 0y^(fJ^SlOA£mia±OGaN««i$r^-r. % 
i>. M«««{2. Eli^-r«J:d(=. GaNliio^ 
^L^m^LTfeiv^L. ^^r^HMW^-Tcfc 
dtc;|^*L^:^-efflv^Tfe«t^ (04) . 1 ltt. S i 
H-7nIGaNj:0^7 7Tl, 3ftn{fflrj>^^ 

h«2r^-r. i2«. «tt«*»fe«hfeiaaifc:*o. « 

ti£B94 o^y^hn-MS i K-7nlA 1 
/Ahn- (undope) GaNI 

( * 2 wmimppmm > t 1 o o ft 

T^r-S^tS^liJtOnffll^^"/ HJl^-f. 1311 n 
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7 7 Kl 1 2«A 1 o. 2 G a 0 . 8 Ni D WN> ^ 
^>yTx*;l^f-£:1ttS. ^Ji-tfr^K-TGaNi 
0=2r^nffl!I^ h'S^-f. 14J4. jg£J¥3 0:*^.X 
hn-A^I n 0 . 2 Ga 0 . 8 NJ:D : &£#F®3Jik. # 
F® i 0 t'O' K^f-v 771^-^^ ^Kff 3 0 
rfr^X hn-AcO I n„. 05 Ga 0 . 95 N ± D&£Pf 

mnm&BZ^-r. 1 vgtt« i4o#Fe^>' 

l«df * >y txjM^- J; 0 i** < . p H3t^ b'« 1 

g K-7pIA 1 o^GanjNiDWpi^vrl 
Sr^-T. dOpfiUdf-wrJll 5«A*yK^fy7x^ 
;l^-ti*f* L< (2. j@f&^flf3t<7>pfl!l^ * HJi 1 7 

pffll^7^h*Jil7i:. ?S14Jf 14k<OBfcr£>0. 
pfflS? 7 •/ h'JI 1 7<DA 1 o. 2 G a 0 . 8 N ± 0 W< 

aNi D&SpfflW h'JI£35rf . 1 714. *Stt®*»£> 

Mg H-7p1A 1 0;2 Ga 0 . 8 Ni;if 4 O^y/X h 
O-AOryK-/ (undopeJ GaNltA 5 ^! 

(cio ommmzttxK&mm'ffimcopM?? y 

%5jk~?. 1814. pl?77Kil7«Alo.2Ga 0 .8 
i.t4*Mg K— rGaN J: 0^rSpffl93>"^^ K»Sr* 

-r. 

[oo4o] ci^j: ? iz*mxvm$mmcou-~ rm=? 

(4 ..GaNlRlO *> ±J,Z^<D&W£WmfcM 1 i 
1 7 Ji<^tW¥3«*:Jl<4x K^7'J7 i^Jgjfc 

Siu >u 7yS^ffitl.spl3y^^M i soutar 

Jll l<^m£(4nttfi62 3#^j£§*vrv%&. 
<0^®-C'{4. n®&2 3(infflB^-?-y7rJll l«D*ffifc: 
JBRSfrCV*** 1 . »k IT^GaNit 10 Srffl^ 
"CV^O-C. nM£^-rSgfrfr£Ga.Ng&l 0£ 

•c-ji»/^-^^L-cGaN««i oo^®£^ai$-£. * 

<OSSiB$^Ga N»K1 O O^ffitCnmffi^jfcLT 
1^— Millie P«SSk ntlgk £Rf*&tiSjtk-r&£ t 
-C£&. i^nmfii23i:pmffi2 lkcO^(^mUT 

mwkz sifiwnhix. %<vtmi&2 som&z-ftvx* 

tl^tltfyrJ >-7mt UPA-7 K«@2 2 k n^y 
8lfcLTpilWttWIH»WfcVHV ZCDlS&Bt Ga 



SftitWIWlk^d. 

[0041] *m&m$mm<?>i'— •r*pcuu 0 1 

fcwt. *£14Ji 1 4 kWiitffillte. /n'VH^ 77x 
aM^lf-*!)** 1 «l»S«tl k . m 1 ^^-fb 
9 i>'*y K4f * 7rx^K-<0*$5:$ 

wmz&mt&fffimnnm??"/ vm 1 2£*lt^ 

*. jg^S^^fife-r-S^l^'fliilW^^®. ^2£0 

^fl3fei¥^f#l<olllJ¥»4 1 0 o^ynhn-iHT, 
£<^c#£L<t47 0*V^bo--M2rr\ 

L<{iio~4o^->-^xh n— j±<7)mm-izm&th . 

1 0 03j-^xbu-A«fc9*>JP^k. micomttM* 

rnfcm. m2(om4m^ftm£ommcoTmi±mzm%. 
ziv?. 1 m=?m&±.x'htiizj: *-&«.mse>x oizi 

^t*S5^l £ #f ! ls®{ii! ;,: &< k*>A 1 Z-ktsmitW&gft. 
tftUttAliGa,.^ (0<X^1) 
^*«S1*LV^ -2r, l^2c7)^b!B9 2 N¥«4mi^)^ 
^J^#:J: 0 ij^^^ K^r-v «/ 7*x^;^-*«/Jn§ V"»M-fl: 

i4Al Y Gai- x N <0^Y<1. X>Y) . I n z G ai . z 
N (0^Z<1 ) <5D,±'5 : Sr27cM^ 37V^frMA\M 

mtl n. G.a***4V>AliGa,. x N (0<X< 
1) tL. I2^)Htlf«*IJA 1 Sr^i^rV^ I n z 
Gai- Z N <0^Z<1 ) fcL. *TttSIMtfc«*UfeJH 

Wf-z%hnmx\ aiiswyi) 0. 3 woa 1 

jGaj.jN (0<X^O. 3) k. GaN^^M 

[0042] £fz. A 1 jGai-i N (0<X<1 ) £J3 
^TJSl<0fiMHh2Nlt*^»jat. GaNSrfflV^Tm2 

(MOCVD) fcil.Al,Ga 1 . I N (0<X<1 ) M 

ntfG aNi^triiV^li. ^-m<o®t>PltH 2 
^i.S-k 5 5r<A l^Gaj-xN (0<X<l) JlkGa 

n® k i&xstBes^-itsc: t izx ymt&rmzmi&t 

hZbtfX'^h. Z.(r>Z.tit. &1 O^/oiCl 00®Sr 
[0043] ^ta^>®. RV^UTBBtii«>*k 
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. >^y F<¥+ 

wx-hz. m&z-izA i m&}tcDm^m{m*mfo£m 
\,zw&=?mnztht. mwf-mzmfcthw. i <nm\M 

«k LT t . Ptt^^mT^ffiff-C^J-frT 
<0-t'?7-y?#A9K<^. *-«0*:#>> #f£BBT'ti. A 

d f"v y rffl t»i«&**>*v^ v ? F«£ffia£-r 

ioo4 4 ] $ ^.^v i,z& zmfcemmco v —r 
m+x'i*. zconm??v f® i 2.<n&\<nmw&*m 

tzm&& «fc o tzmzth . ,1 *Uivvb»9>&^0a F-7k 

lt» -*<oJitswaatc k-t^-s k „ mmm 

JEi v f ^£®T § d k #T'g: £ . <r ii(i^*e!B)iSI 
*0<iv>«'*jB»?Jiitite#l£3?«« i k iz J: 0 . %<r> 

T1@}S^«^CT'# £ .1 k 1= J: £ . o£ 9 , 

V>Sk *WW=«Rtr*i k tz£ *) , df U 
TSMfcW*S<.i V^J1#? 7 «y FJf k 

feUtCvHflKEs Vf**«-F-f£k«i3i?S*U>. 
[ 0 0 4 5 ] /<V F=¥-v "/ rx^af-m^^ tcWkM 

H -T£fL*r F^-v -y TO*£ v>»Bft i Ni* 

®k . ^ f^-v vr*«/hs vvr>- H-r^g-ft:^¥# 
#jik ^ara LtiMt&Fmx'ii. nm^umzmuLtz 

mt ... T ^ Y—7<r>m ktfyvrojg^ffl-e. PSSJlffll 
W^-nxifi^y F^r-v >yT<7)/jN$ V^MKT*^ -SWT'. « 

J:«.i:^$n-S. *^Pi^ A 1 GaNliGa 
NtCjt^LTffim^'»V\ fa'AlGaN^Cp 

^-s. ... 



[0046] — ^T. b'^f-v «y 7x^;K- O/h^ 3 ^ 

mm^famizmmmz^vm* v-7Lizw&. a 

mtGaNmizMgZnm.TV-7L£iigr&. A 1 Ga 

A-l-e-a-NSteJt^-ej^^T- M g : -tf58atflSW4W- 
V^. WitfMg'*lXl o 2 »/ci 3 K-7 ? UfeGaN 
T'til X 1 0 18 /cm3gJgO^f-v UTli^T'<bSO{c:*t 
L, A 1 G a NTte 1X1 0 17 /cm3g^O^f -f U Tig 
JgLj&^^iX^V^ ^i-C. ^HJXIiAl GaN/G 
aNkTl@t&^kL. ©=¥-v'JT?SS* I #^#t2.GaN 

^V^A 1 GaNfJg§fS^> HKWfc**UT 
t±A 1 GaNS^fflti^trr, A 1 GaNJftA^h- 

[0047] JO F=¥-v -y 7*X*A«¥— 1 <7) 

1 cOS^^ftJl^N®®* F-T*k LTti. 1 
x 1 O^/cma—l x 1 O^/ctf, $^>t»4L<til 
X 1 0 18 /cin3~5 x 1 0i*/cm s cr>&miiZmM-i-&» 1 
x 1 Oi7/cm3«fc D-t>4»***fc. m2^M^^f4ES. 
t(?)lim<^-5t > ^•vyTifeK<%*:^v>«3b«f#^> 

k. ^e^y-^«oS* J ^<^r0^vv«(6]tc$, 
1/1 0M±^*^J}&m£ L^K «t>»4 b<{±T> 

F-rk-r^ k«t>^i6s^^«*<#/i>ix&*>\ mm 
s^ieiw** o . -e^*ti ixi •o» 8 /c#jaT**a* 

LV>. nMISjtUliSi^ Ge. Se, S, Of 
O^^miVB^. VIBK7C*i&)aS?L. «F4t<(4 
Si. Ge , S&nM^imt-rZ. C\<MfemiZ. '<> 

[0048] *^c7)^Sfe^)^®OP— rm^-x' 

a. mi izvk^is&m 1 4 <r>±.mz^ %> P ras-fk^^ 
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n*mmm&wm%&mfe=Fim<7)pm7 ? •/ 1 7 

fl2*2NWk. ffiKJiAliGa^N (0<X^1) 

^t<liAl Y Ga,.,N <0=£Y<1. X>Y) „ I n z G 
a!. z N (O^Z^ 1 ) £7)«t-?^:27Ctia. 37C^ B <7)S 

[0 049] p{ffl?^>y HI1 7Sr®*&^jti:-r«. 

•y F Jf 1 2 crrfm t m tT'£> h Zt>lZ n JMlC«ft 

2«r£LhX**. ^fc^jgf&^/ifcpJfW^Jfc-^'S- 

lz<\,^¥mfoX&&ZkW%\e>tiX^& . pM^ B H B Sr# 
S^pS^I*^*: F-:rL^«¥Sf«l£T-- 

S2540791f). VfrLpW.tf'fthtUzk^-iX 
t,-?-coffitn^{ii5:Q -cmlJLt fC?, :«pS 

c 0 0 5 0 1 pm?? v Ksi 7<7>&3com.tt.m¥rmfc 

««0^rc7)pM^*6!|i?ftKS:^# < LT. Ay F^f-v »r 
x^>;^-<7)/lN$^4<7)pM'F*fi!}^S$-^§ < . ft 

zttf-cz&j &tz*<7>m<7>ffif&i>*imx'2>$>. 

^flcJf<9pM^*£!&l}fl£2-'h$< LT. A'yH^7 
TX^/P^-cO/Jn $ 3:S&4 OM-f fc!fef¥j£#Jf <0 p MTOfi 

[oo5i] m3<7)miffl)*m#m'^c?)iii& u^F-r 

Ifc Ulil x 1 o 18 /cn?-l x 1 O^/cb 3 . $t>lz 

*f£t<t±i x i o i9 /c#~5xi o™/cvP<Dmmz 

mm-h. lxi 0»«/cnf» J: 0 b^firvvfe. mmzw, 



^4^^t!l?!l^f*:®OpMWWlJ^(i: 
IS 1 / 1 0 BLh^^rv U « i> #tt^Sv * 

x l O 2 0//cm3OT* j a* U*. ft. pMit LT 
IJMg. Zn. Ca. B e ^coM»«^III I ASk IIB 

mjim^mmL. n&v<img. ca^srpM^^ 

^^3^^ i l £ #«sSt-pM^!|%*^ : 2:< Y—yV 
X *V Y 7X *)l>*?—tf>h% v ^4 Ogfljff 
3*lKpi«Ei^^< h'-r-r^^-t,|3|«T-S> 

[ 0 0 5 2 ] § 6fc*fc:jBI^*«^*»fHi^NI«c 

x(im4cog-fE!i«j^iEi*:Jst=i^-rssp^-) coT-mmm 

fcj&iMitV^ mfmizWlty-?Z> k , m«nS^F*6!|% 
fcUTS i fcK— :TL;fcA.l GaNfc. 7yH-T»G 
aN«i:-Ci@*&^»S:^t^^> A 1 GaNliS i 

3&*. m : ? 1 ^i^X>'^•v;^C0^£V^GaN<7)^ : ^ : (C^I*> 

tfxemzkkmMLxts*). m^m^mcommm^m 

-V.y7*X^-;^— <7)^C#V>A 1 GaNtCiSV^T. GaN 

i&mthn.tto*?. a i GaN^tcie^isp^5-iias-r 

-Sm^{4. A 1 GaN®'£<7)GaNBfcl3fiSc'?"S§l£5H;i 
j5SnM^*fi^*> (CKO^-S i ) tf)S*SL£^K<r 
Ofct^tt-S.. L*»L. ±i£<^J:5^A 1 GaNlfc*J 
^•C, G a NlKMt^S-7y H-7J: t , 
A 1 GaN®K3&^g&#£jB&-r-i»m : ?#S i <Otfca^ 
fltt:< < +£h<r>X\ $ ^>^T>- F-7G a NJl^ift 

3 asraft¥*fM t ^4 ws-fl:%^*® k xim 

i&lz. pSTaM^< H-7L, ^4^^^* 
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^K^-v -x Tx*;^-c7Vh S tt\,z^tm*%r < Y— 
[00 5 3] £Lh. nI^77H112, p{8l?9>yh' 

-* i i-zmm-mt^h z-t-te^x-mmhtctf 

^7rllL n«3fWr-f HJI13. pffll^fA-yTJI 
15. P«3fcjr-f pffllrJV?:? Wll 8«Sr 

i *4.#fcn WUWJftSfl^ nlA - 77rll 
1 ZMm?b-t& k . HIEH EMTlcJHttLfcJMfcWK 

[ o o 5 4 1 s fe(c. *mi<rmmm>\s~--<fm=f-iz 

9 >y H« 1 2 fc*£tt« 1 4 1 *>IBHc, ^Wfa ( 
nl^ft) jftK*n x 1 0"/crfiaTWWtS*Ufe 
nflBttf-f KJB1 3 tlTWS. d«Onfi!Bt^ 
K113I1 T >• Y—Tk LX t> . n S^FM^'flfe^S 

L7&>L3r#£>. *JMHfc*iV^T, n{B3fc<PfF«l 
3 ^flFiWgli 1 x 1 0 1 8 /cm 8 Sit 
IL<, lxioi'/c^JiJlT-CfcSifc^^t^i 

a NTHWW 1 * - k tm* L 

[0055] 4fc|tai0KB«>P-WFtc*JV>Ttt. JB 
P 9 v H« 1 7 fciftEV 14k<7>ffl 
CTOHh (i^Pl?») WfcPl x 1 019/ 

li. 1 x 1 0 18 /cm3fcLT-C£>tUi* ± VV#. UvF 
f£HriB£I2 lxi 0 18 /cm 8 £rre£> 0 . *F£ L< 

{i'T>- H-r k-t h . wm*mmy%&. r> Y-y 

p{BI#4 HJil 6<7)#^(inX{4p^^.-rn-Ci>d: 
< . *9»«fc*JVYa±,- m^Llzfrfrh p 
-f h'Sfco?^. ifc* HIHcte. pMWfetfflli^Jia* 
^SfcLT-IOpfiBfeW h'«l 6£A^T<£*r«gft 
iOpfflBby-f HJf i I nS-frtriBfl:** 
«C«c. 4fcttGaN-C«W«-4i4:3Wa*U^ 
[0056] ?S14Si: KJifcc^BKcr ^ H 

SBftiiI?g3 6 0~5 2 0nnu #j;3 8 0~4 5 On 



x, ry v-ycomitmrm^ . ?&tthxmmk. 

ftmt%&mk LX<7>? ? >y mk^mizmtsZklzJ: 
K). •%im<?>5ffl:ZffinZ J <t&c\kW'J?%:^<7>X\ mm 
WFiWDIt*, Kffi«ffSrffi<-r 

1X1 0 19 /cm3WTT'S>n«l|l2r§ -S . 
fc«Stt«4:«0ia(=. ^F*6!HjmK* s «v\ «F*L<{4T>- 

Y-7<r>#4 Ymtt-?hK3m z f-x'hz>* 

[0058]$ t>lz1&£ L^JDWfc UT. 
S^Tii. Piffle h'S l 6 fciiteJl 1 4 k <nm^ vS 

•yrx^-J: 0 i, A^ vv\'y Y*?* 7rx*K- 

^w-rsiK«o . i u mixrcomim^mft * d^p 
gfo^^jtsJK* 1 ' i x i oi*/aB*a±.izmztLX\,^ 

S L < ti 3 o o * y h d- A^Tfci^t I. . o. 

ljum£*)^$gJgX'm.g:i$it&k. pM=* A- <y T*® 1 

¥mtkm&f&£:Uz<\ l ^L>XbZ>. Z<7)Xol,ZJ<yY 

^ > y rx^;K-*^# %m*'%&miz& lx . o . 

1 ^ mJ2TF<D!f JB|-ei*J£-r3 i i: lz «k 0 , ^^^O U 

rwncj: o . &&mf*nz?g± o c m^t iE?Lfc<ow 

hZ\ktfX'^%>. ^^*RgJK«il x 1 0 18 /cm3 

vxtizwmth&mwhh. zn^-rvymmtsmA 
i s^itoi«v^jgTfe o . a i m.£kit<Dm^m&mm£i 

O«3&^Stn?0ri«^J:at^0. p-i-n«jtt^r 
t5. ZOpMlzfoZ,** -yymit. nltMUti 

[0059] hll<ox o izffifc$titimimm<7>i>'—*f 

Wfcf-mikX'ffitfL LX \^&cr>X\ nW7?>y h'W 1 2S. 
X/pM? 7 -y Hi! 1 7 (Omsmi)LZ<8i< X'Z . miMMZ 

*&<x'%Lfri>Skmm(D\s--f?mtf*imx$>h. t 
tz. *mmm<7)i'--*m z FX'te. nw??v ymi 2 
sxfpm? ? y ym 1 7 *MWf-m&xmm-z>wuz 
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[0060] u±.<7)mmmx'H. nm? ^ ••/ yjb 12 

RVp m? 7 y YM 1 7 fcjEtt^afiftl: L*i#>\ 
(iitt^lS^-r. nSS^7 7 HS 1 2S.t/plBI^7 >y Y 

<T#£. 

[oo6i]*^. su&jarm. nil? 5 >y kjb i 2 

li£tL£|R4>'?, nfflS? 5 y YJ3 1 2&tf P®? 5 -y b* 
m 1 7 J^h<7)pfflJS.tXn{ic7)M-fk!|%l^##:®OV^^ 

[0062] JSLL<OWlBBttTi±* I'-lWPfcfeVvt 
nffi!7 7 -y YM 1 2&tf piffl? 5 v YM 1 7 £j@*g?4f 

(LED)f, m<7)m<m*m#mttmmxz h^t 

IBfe/M Jf- b'Tte. V f (IH^|6J«E) £~Rf £ <1 1 
**T#S. 
[0063] 

[0064] im$mi ] WrAT (Cffi) «fcD3r& 
grille G a N J: 0 v 7 r Jl LT G a N J: 
0'5:-S*iS H H B* 5 0 xxmcnWkW Xf&MZttG a NX«si 
1.0*JBftf-&.. ^GaNlSl OSr^E^Srtt-fe 
>y b L. iaS^ 1 0 5 0-C*T-±(f , U T#X(C* 

ig. iM^ry^-TkTMG (bu.xf-A'tfy* 

A) „ ^&#XfcLT^>#X£J8VV GaNM 
1 0_h£S i^lXl 0 18 /cm3 K— 7°UstGaNJ: 0 
* h n fflk * >y 7 T M 1 1 £ 4 «■ mOii««§ t £ . 
z.<?>'<v 7 r 0 l <n>£ a %ffimcr>mmttim 

b^^ziinrnMiBm-t^^^y^ ^ YMt L 

Xi>itm-?&. z<nnm'*v7Tmi&mi8LX'& 

vyrmxh*). mta^-7T^r. si 

C N x t?*;KO«fc 3 tcaflSBMfHWie**: l«r**m J: 0 
&&££«>±fc:* 9 0 0°CJ3lT<0®iatt>V%-C. Ga 
N. A 1 N3££. 0. 5 Mm&TOmmX'W&fgL-gmt 

[00 6 5] (niO^-y b'/fl 2=tU&?Jl> 
T. 10 5 O'CTTMA ( blMfVl/TVl'S — , 
TMG. TV^-T. ^^/fXSrfflV^ S 12:1 xi 
0 19 /cm3 K— TL?t nMA 1 0 . 2 G a 0 . 8 N«fc 
l<y)Jf £4 0;t>-^Xbn-A<7)j&^T'jfcfl$-£. 3^ 
TS^VjtfX. TMA£\ih#>. TV b*-T<7)Ga N <fc 0 
3r£f!2cD}f £4 0:*y^Xbn-A<7)|&JrCJ&ft§tf 

h. *Lxwum+m2m+mim+n2m+ • ■ t 
v^a j: a tcstsf® zti-eti 1 o os-r-?£ 



[0066] (nMfttfJ YM13) M^X. is^ytf 
XfcjLttfX 1 0 5 0iCt7>K-rGaNj: O^^nfflO 
HJ1 1 3 Sr 0 - 1 mOKJ9T*AJI S . i<^> 

nffli^'-f k»4. &nm<rmfi4 Ymt lx^ml. 

GaN. I nGaN£j&R$-fr£.Ii:jt> i M£L<. ii^ 
1 0 03r>^*XhO— A~5xtm. $/c>tCifiL<t42 
0 OTtyf* bo— A~ 1 /zmCO^ST-^*?-^^ - i: 

x*/^-J±*gteSJ: nfiH^^y b'«OA l 

o. 2 G a 0 . 8 N J: 0 < "T* . 

[0067] (tffimii) mz. mmtfxizTMG^ 

^tt«14(±iaS€r8 0 0 , C(CfiHtLT, TVH-ri 
n„; 2 G a 0 . 8 N i D =Sr?.#F«Sr 2 5 *>^X h o-A 
cr)JgJPT'«*$-»i--S.. JKtcTM I ^A'itftSCfl:*** 
CO^TH— ?SJgT\ TV.K— 71 n 0 . 0 iGa OJ5 NJ;0 

J„ ,1 comft* 2 0 51 L . Mt#Fl 2-«« 
^^»1 7 Ssrv^'ho— ^o^S*T#FHKft (M 
QW) OiSttiJf SrJ&ft «ttB{**^*fi^ «fc a 
^r^K-TT-t>«tV^L. ^JtnM^^at^/XtiP 

Y—7°LXi>&< - V ^-Ttt*— b* -7 LT t 

[0 0 68] (pffllHr^ vymi 5) <Xt. iSUgSrl 0 
5 0*Cte-Bf. TMG > TMA. T^— 7\ Cp2M 

b'» 1 6 «* 0 1>^^ K^f-r »7X*jWHW:* 
IV Mg£ 1 X 1 O^/cm 3 b*— 7*L5tpSA l M Ga 
o. 7 N «fc P fflO^f ^ 77117*300 tT^^X b 
n-A(7)Mi¥T-^*$-li--S». ZtoprnX-rvyMl 5i4 
Bul-iS^: J; at". 0.1 v m&T<vm< m&X'B!& 
Ls KffOTmJi^lS^L^v^. l O*>-^xba 
-AUUKOMIPT'^-r i k L v >. 
[00693 (pfflOTt^M bill 6) iV^TCp2M 
g % TMA2-jh46. I0 50tt. AVK^77X^ 

*Sp(Bl^f^./7Sl 5«t 0 *>/h$VV T^b— 7 
GaNiO'Sr-l.pfillTt^ H«l 6$r0. l//m<0)^J5 

T'fiJcS$*s. z<om&. mtmnxtH Ymt lt^ 

fflt. nSBfc!H HJfl 3kI^t<GaN. InGaN 
BSrT^b-roM-fk^^ft:. ^WJHSK-rLfcH 

wm¥mft£ r )%zmt&¥-mt-r&z\ti>x'i*z>. mm 
?mt-t&m&izi±j*> b^r ^ vrx^/i^— tisttw 

<7)#FJ1 «t < . P 5 -y b'S<7)A l,. 2 G a u 
N«fc'5<»/h§<-r€». 

[00701 ( pffll? 7 -y YM 17) ^V^t, 10 50 
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•CT'M g£ 1X1 O^/cm 3 lo.iGa 

•CjfcK$i*\ ^TTMAc9^£iL#>. 7VK-7Ga 
N i 0 3 5r^H4 S- 4 0 ^ h a-AcoMH-C^ 

U IgffitJIO. 8;um^j@1§^Jf iO&Spffl^-y F 

117 *&fctZ> . 

[007 1] (pffl!|3^?hSl8) gf££. 105 
O'Cf, pM73'Y H®1 7c9±£. Mg£2xlO zo 
/cm 3 K-T LtpIGaNi 93: 6 pffl93>-^^ 

1 8Sr 1 5 0*y/Xhn-A^llt)£«§tS. P 
fflOrJV^^hSl 8{ipSc7)I n x A lyGa^x-yN 

( 0 ^X. 0 ^Y, X+Y^ 1 ) XHHSttZ £ i: . *? 
SU<(iMg^h'-7l)tGaNktntf, P«@2 1 

lvGa^yN^tfjgf&^liit^pfflll^^-xh'Bl 7tC 

^plny^^Mi LT. -e<O)UPSr5 0 0^-^ 

80*A-yTMJKjm<>5r9pmffii:*F£ 
LV^J--S«y?#f#<ofVC. *?£*MK8fL «fiE#tei 

[ 00 7 2 ] mL(o£di,zLxm{m¥&tezi&&2it 
tz^x-^zzii&m&fttets^x. mmmm&<t>7 o o 
x:t'T--v yfZ'rftK pS^ts- K-ruiJ 

[00 7 3] 7--'Jy/fl, *>o:-;S£RfS^£gjEp£> 

cOpfflJrJV^MllSi:. pffl!l?5>y FJil 7fc £x 
-y-^^LT, 4//mcOXb^>f ntl^Wt-^'J 

h 5 -f t v >y s^oTt**-* - * «t o iz%-? x mm. 
-wrF-rs. mtzmm^mx dst-spooi?^ vm 1 7 
mL<r>mz v -y ^mtt -?&zh i>mt lv ^. 

[ 0 0 7 4 ] V <y ^®tc-7X^ U R I E 
fcrtx^yf-^ififtv. nfflJA-y^rJl 1 lOflBS:^ 
^m$-ti:*:C:<7)nffl!IA.y7rJll l(in«fii 

2 S^^'Ti.Jt^ny^^ bMt 
%3smiX'tenm;<V7 t!§ 1 ltr^yfphmt LX 
V^#*. GaNISlOStx.yfy/m Halt 

^GaNitio&ay^; hSfc-rsitt-ets. 

[0 0 7 5] mzpM^y?? hmi y^'fi^H 
CNi i:Au c k0 5 5rSpmSi2 l^h7^7tKM 
plBln^^^FJitiiFibv^-S-y^^t^ix 

z>pmm2i<7)wntLxiz. 09xij'Ni. pt. p 

d. Ni/Au, Pt/Au, Pd/Auf^W5; 

[0 0 7 6] — :6\ TitA 1 iO ; 5:Snm®2 3^5fe 
iS ifSSffi £ n fflrt >y 7 r * 1 1 co*ffi(cx l> =7 A 7 



mz&fcth. nlA' 7 7ril K ifcliGaNSK 
1 0i:*?i U>*-5 -y^f^fU. n«®2 3<7)«f4 
£: LTtiA UTl,W.Cu,Zn, So, I n^co 

[0077] 0 1 t^J: P t=pmS2 1 1 . n 

«® 2 3 1 OSt-Sai LfcSMI5ft¥**W<Z>3Hfiifc S i 
0,J:g$:&ieiWR2 5fc#*U i«!2 5^ 
LTp«BI2 1 fc«SWt=«a»Lfcp^'y H««I2 2. 
MftiJ^y K«fi|2 4 ZBfStth. Z<7>p^y Km«i2 
2(iH®W^TP*fii2 lcD^ffimSrJEtfT. pm«ifflS£ 

-thimtf&Z. nK7Kti24iintS2 3 

[0 0 78] 12Lt<OJ:5£LT. n«Sii: ptflSt 

mzm^x. mim¥m#zBi&.Lx^%^Mcr>y-7T 

m^U^V^LT»K^S^®^L. Au/Snt 
[0079] ^"Of^ Au/SnfflJSrX^v-f ^"LT. 

x h 9 >f ?tt<7)wmzmm%:?mx-> ^mzsm l . ^ 
mmte2m&zmt?2>. xsmmizs i o 2 i:T i o 2 

SMK*>V^T, HffimS[^2. OkA/cm 2 , ^ 
MVK4 . 0 Vt. 56S^*4 0 5 n m<7)m%&mtfm 

1 0OO^fSJ^LJt<7)*#$r*L^. 
[0080] [015601 2 ] 03li:*^|H8^fi6colUfi0!ltc 

mhu-^m?&ffimz^-?m$m:®Mmx'h') . a 
[0081 ] -9-7 r-f r (OK) j: ^^mm.co±i,zG 

aUX^^^^yrm^itLXS i S-5X 1 0 18 /cm 
3 K — 7*L3tGaN«t 9 : SrS#$&JB£' 1 5 0^m«DI 
T'^S^-ltJtGaNaKl 0Srfflm^--&. IcDGaNS 
^1 OcO±tcHte0iJl t|s|«tLT. n{ffl^*-y7rJil 

[0082] (^7-y7R5lUil 9) nmyC-y^rill 
l^ftf*. m2r8 0 0'acLT. nm#XtCTMG, 

S i £5x 1 0 18 /cm 3 K— TLt: I n,.,Ga 0 . 9 NJ: 
0 =5r-l. 7 9 y ^ B&ifcJB 1 9 Sr 5 0 0 h 
)U»-C^«$-tt.S. iO^^y^BfejUll 9(il nSr-^- 
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£ b lZ X 0 . A 1 £^tf Mtt¥^ftW4>fc7 7 -y 

ffiitMtel OO^y^hn-Afilt. 0. 5/zmJ.;TF 

n-A i 0 t^^fcMieoJ: o \z9 5 -y 7I»±*: LTt¥ 
fflLt<<. 0. 5jum«k0 tm^t. «§if H g##II^ 

[0083] ?7>y?G&jfcJf 19J&B&. Hife^lfcPI 

lt , £m v-y-ztititm^x o nua? ? -y 

mi 2 TV h'-rnfUK^ 1 3 

[0084] (nffl|df^«yTJ12 0) I^tTMG, T 
MA. >-7^XSrffl\/K n<BBk#-f KJf 

I 3 «fc 9 fc/NV K^-V -y rx^/K-^S V v S i £ 
5X1 oVaPH-TUnfiA 1 0 . 3 G a 0 . 7 N <fc 0 
£-&riffl!l^-y7-JI20£3 OO^^XhO— AC7)K 

[00851 f*ttHM09 1 £: LTiSttWl 4 „ p 
ffl^f^ 77115. T ^ H-7" pfl%#>f h'Jl 1 6 . ^ 
ph'-T-^tL^iS^iO^^Pfflfl^^-yh'Jil?. p 

^y^hS 18 £&*£-£&. 
[0086] gfc^#zgffcJlJfcK^ mmiz LTT-- 
'Jy/^VV pM^ift%£K-7b*:Jf£$£>k:ffiJ£ 
SiHfcS tf. U >^f&. 03 tz^k-tX 5 izm±.mv 

b-tz. 

•yi<S:l^ffitCN i/Aui l 3 : 5:2>plffi2 1 £xh:7 y f 
P®ffi2 1iJA^I^)«^ffiOS'fkl!fel^* 
g<y>fcS i O z J: -^4r&IGKK2 5 fcJRtffcU £«0*6R 
H2 5 Httt>«2 1 ■ fc«»«fciMILfcp''W h' 

[ O 0 8 8] ML<?)£ a £ LT. pmffifr^L^^x 

-^zmmmmtzfmt. yyT^rmmzmmizx *) 

GaNiiaWIIg^ICT i /A 1 X O^r-S nil 

■2 3MWW:*v. 
[0089] mmmi&W:G a N3£t£?>M® 

^^yj^vm^Ltc^iz^n^mmizm^-r^ 

mizmmz&^xm%5mz*L. mamitmmm 
[oo9o] Lmmm3i mmm uz&^x. nM/w 

7r«l 1J&H&. HMCT2i:PI«l;LT^7«y^R6± 

II 9£j&K£-£&. 5 -y^lSjUiWifc:. 
S i £ 1 X 1 0 I9 /cm3 h'-TLrtrA 1 0 . 3 Ga 0 . 7 NJl 
£— JlO*J:»9£-&nflg?5>yK®12£0. 4.//m<0 



wro***** . fttinttn 1 1 mmiz lx . v-*r 

HN^iUM^J 1 <r>v~ r^«t 0 *>^Bfi< 3ro 

fc. 

[0091] [HSSW4] ^S601JltCi3V%T. pffl|?5 
•y K117^t, Mg£ 1 x 1 O 20 /cn)3 H-7"L 

1 o.a Gao. 7 NJ1#— S£0. 4;umCDSSJg^j&^ 
Stf&ftfcL WtWltHSHcl/C, 1^--T^£fm 

«H5feMl Vis— «fc 0 i>%=m<%~>tz. 

[oo92] i9m.M5] mmMiiz&^x. nm?? 

•y H« 1 2 £j@*g^*f§it£:-ti~r(;:. Si^lxiO'V 
cm 3 K— 7* Lit A 1 „. 2 Ga 0 . 8 NJI0 . 4txmb~?h. 

tfc. pm??"/ vmLmmizmt&Fmmtiti 1 . m s 

£lxl 0 2< >/cii? K— rLfcA l, c , 2 Ga M NiO. 
4ximt-r&. -ft*>9tc. nfijft#4 KJB1 3£T^F 
-71 no.oiGao.gsNlSO^Xhn-Ai:, S 
i £1 Xl O^/ctf K— 7"L5tGaNS3 0^>-^ 

h a-At znm Ltzmmm o . \iu momm-wm. 

b L. pffl!l3t^M YM 1 6 SrT^ H-7* In 0 . 0 ,Ga 
0.99 N/13 O^-y^XbVi-Ab. MgSrl X 1 O 17 / 
CB 3 LJtG a N«3 0 jT^X hn— A J: 
L^^KJJ 0 . 1 2 jit m<0i@|&?1iJt i: "T ^ ffeJiHift^J 

[0093] [H56fi»l 6 3 mmM 1 fcfcVvf . nffljy^ y 
7rIlU»^ 7yH-7GaNfJ3 0^ 
y^hn-At. S 12:1X1 O^/cnP K—T-LJt 
A 1 o. 05G a 0 . 95 NJf £ 3 0*>-27*X bo— At ^WM 

Ltzmmm 1 . 2 um(omm L mb-t^ i mtmmmi 

bmmizLX. nffij^^ y K®1 2*^JiOS£^Jft§ 

u-ymTb-rt. iB.LnmmZB&rrhm. ^>y 
f-y^tcj; O^ai^-tt^ffiJi. M^l. 2//mco@*g 

^StfiFlKDt^tcJtKLT^HSTL. Wf^til 0 00 
[0094] imm 7 ] 04 (i^Bgcofflico^ite^ltc 

[0095] IS6tfiJli:^t<. 2^f>-^^. (000 
1) CBa2r±®t-r^^r-fT««3 0cO±t5 0 0 
•CtT. GaNi»)^A'77rS (0^^) £2 0 

oj-yrx bvi-Acommx'tfiMZttm. 1 o 

5 OXHzLXTyV-TG aNM3 It: 5 AimmmX-m, 

•ii-T . i o ^ m£\Tv>fmizmm^ h z. b wmt 
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mmiiyyTjT&n. sic. zno. xtr*/K g 

M^¥&#kfl&&#$«9£l>^£ffl^&c: 

k 

[00 96] mzZ^TyV-TG aN!3 lJ&Kf&. 

WferJl-H^^TtBT* > VX? £?i&£U C VD 
^S(CiOXb7-f7li2 0^m. *h5>f7l8mi (Jg 
ffi) 5 jumOS i 0 2< t 0^&IKKR3 25:0. 1/xm 

commx-mm-* . 04 h tv^mcstsiksk 

H-7G a Nil 3 1 <9MffiatfK BJ-fcftW&WBjftSfl 

utK ms&mo&K^G a hwbl 1 0 fcjfcRS*^ 

^. #Sil<0*mk {aJxtfSHt^gSt ( S i O 

x) . l€Mi(Si x N v ) . BHfc?-*^ (Ti 

o x ) swatiSfua-rrj* {zro^m^mitm. mit 

ttzZtlt>(7)2>m®cr>m. 12 00X:m_t<0Ku5Sr 

mi. mjm^fce>&mj£6 0 ox;~i 1 0 ow 
[0097] umm3 2Bmt. vx-^znmsLfm 

fgrtfc-fc -y h U 105 0tt, 7y^7GaNj:"3 
lfcK£-lM>. G a NJIO*?* U>l£*lW 

#^J8t3 2<7>mmzmo £ a tc««ia5t 

*^SLfc<V^@S-*-r^^gH3 2^*BS±(c:. « 
*r6ltCGaN«5-^«S-li:-S¥^-C'GaN»^l 0 
*$-e&k. *1gj{i«l®l3 2<7)±^{iGaNa^* 
-li-r. ^SPcor^H-rGa NjiS l^±(CGaN®^' 
jgifa«l$ix£. «VVCGaN«tf>J***»t*fc, G 
a NJg#8fcfrr6lfc:i£« LT . «SM 3 2 *>±t=» ^fr* 
Z^X'ifZ. BS«L^lg*^^ftLfv:GaNJl|5|±To 
-c , emm 3 2 <7>±£ G a N Jf Lfc*H0 J: 
■5*«JBfc**.-OiO.- GaNJf 3 1±K#gJ£3 2 
£;frLTGaNJl£«:^Kj&ft§-££. fig 
Srikli. t7r ^f+lS3 0«±««§flt^5G 
a NJf 3 1 OtSAXMk > &mm3 2«0±fcJ*ft3*tT 

^Ga Nfflg lot <Dmgkxmco®cchz> . -T&fc 



«S*lfcGaN3HEl 0W\ 5«£«U:fc:iK&l&«Lfc: 
&g®?3 2 ±te«tfr|f!jfc:jS*f & £ k «t *) 

nwiwGaNatiKfcjfcttLr. i±ft*»fcusjwaao^ 
3 1 <ottft^4 10 >•/<»« ia±*&36«, ^^nss0ij 

7 <7)-m&Z J:SGaNSSl 0 OtSJfcKFiM: 1 0 6 /erf 

[0098] ja±^)JtafcLTGaN»El OSrJg^L 
RGaNaHRJiftaWIWl fcPWfcUS i Sr 1 
x 1 0 18 /crfh*— 7LfcGaNi 0=5:4 nfflBys'v 7 r 
Jf, ffay^^Ml l2:5/im<7)K/p-C^ft$-a:3t 
f*. H*fe0lJ 2 fc PtHNtLT. S i S: 5 x 1 0 "/erf H 
-7UI no.xGao.sNiO^ft^^-y^KFjhJil 9 
2-5 0 0^->-/Xha-Ac7)JKiP-C^*$-ti:-&. ^ 
9 v ^ R&±« 1 9 {i*B&-f 4 £ k t> 4 . 

[0099] ( 4>^*n§pm!feJfte<^IS^flBt^) n 
«^5yHJil2)i>Cfc, 105 0XJT, TMG, 7V 
^:^T>yx5-fflW r>-b*— 7GaNU2 OtJ-^^X 

4. ^{CliaetCT. TMAS-jBJuLT^H-TA 1 
0- iGa 0 . 9 Nil5^y/XhD-Affif§t > MV^T 
i/^V^S-i&jDLS i 5- 1 x 1 0 19 /crf H-^-L^ 
A l 0 . 1 Ga 0 . 9 N®Sr20^■> / ^^a— J±cr>mMX'fS(. 

S i tJfcftT7> H-7*A 1 o. i G a,. 9 N 

tC«t 0 » tVy P -r y 7x*;Mf-0*# V W$ 3 0 ju 

T . AS 2 OS-fb!H9^«sJi fc US 1 VMAWfitmm t S: 
*S*a»03BL»Jftf-*. i^. HM0fl7T'<4. H2<^)S 

-ftflw^^s i <z>wkm¥m>tombtfi*ti?ix 1 2 

0 ® tth X o IZWB L , 0 . 6 // mif £7). j@t&^«Jt 

[0100] mz, mmmi tmmizLx. nmi&fj 
Kin, tmm 1 4 . pfflo^-^ -yym 1 5 „ p«3fc«r 

[0101] ( ^5k&fi*7^Umm%.cr>mt& r Fffil&cr> p 

ffl!l^7-y KJ11 7) JJCfc. 1 0 5 0'CT\ TMG, 7> 
^-T^S-fflVK Tyh'-7°GaNJI$-2 0^>'/X 

mzmi&mizx. tm A^muLr y^-y a 1 

o. , G a,. 9 NiJ 5^y/X hn-AM?*. 
Gp 2 MgSriiJptMg5rl x 1 0 2 »/crf H— TLfcA 
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1 o. i Ga 0 . 9 NJl£2 0*>?X ho-AcOil/rej&K 
Z-ttltk. Cp 2 Mg£it#>TT:xK— rAl 0 . ,Ga 
o. 9 NJ1£ $ t>lZ 5 *y7X b u-ACOmmTtfL&Zlt 
h c: k tz J; 9 . ^ H^r-r •/ 7i*K-«**vW8 

fctT, m40g^^#Jlkai?30gtt^{fcJl 
t«eSfc«9«t,«sW-4. -*L H*£097-m. Sg4 

wsflsft^Hawwi k as 3 ffMwmmM t #*ti*ti 

12 0Jlfc:$:*J:3*CSBUiU 0. 6jumlf<7X jgf&i 1 
ffiftJ: 9** n«?5 v b!§ 1 7 
[0102]-?- ttiS!:, HJ&#J 1 k HIKtc Up« 

a^^Mis fcjtt&s-frfcgL ^x-^^wesaw 

frOpfflJ? 5 >y F« 1 7&Lk0)itt:X b 94 TVi<0 V •/ 

[0 10 3] mzm4 liZfrrTX o tc y >y >>tc*t fC „ S 
SWiifcZ yf-y^WxV*. n«fii2 3 2>^-r^f n 
»<<y7T*«Bfc«ffiSHi\ ali2 3M«U- 
M18®'J 7y'SiICt.Plffi2 1 

zxb94 Tm.zmfS&z . ttu&K&i 1 k muc t 
«tT.wrc. '«affiit. «ffc*iJ:*i oxtft 

SfcK4 0 5 nmttXttftiaMHi. 2 0 0 OttHUZLLff) 
^f&fc^tfc. ClftttGaNiKl 0£*£fi$tfg<9*J«S: 

ft±fc J: &&H4(Ci3VVt^ Ga 

N»R 1 0 8 0 // m£Lk«4W?JJtJt3««l 

*<Ctt, MS««3-0~«ilJ^3 2«l^*-r4^kt«r 

[0 104] [jatW8]-SOtW7fc:*JV^r, nffiS?:? 
y b'S 1 2 *)£ft$-g-&BL *3^*iS^*eBJ«JKi:-lt 
fv\a^7> b—TG a NJ§£ 2 Ot^ha-A 
S i Sri XI O'Vctf F- yUAlcGao.,, 
N«£20*>^XFo-Ak£l»IU ISBIffO. 6 

[0 10 5]—*. pffl9^7/Kgl7$-^*$-*4|g 

Jf£2 O^^vKo— At, Mgil X 1 O^/cn 3 
K— y°LtzA 1 0 . iGa 0 , 5 NlS:2Oty^ha- A 

k£«*u mmmo. eumcom&Fimt^&mit 
mm 7 1 mmiz lx u-^m^tm Ltztzz.m 
mM7 co&Mzitmvx . ©TimBiflfiTtJt^, mat 

J±{5ff|5| 1 2 O 0 O^fHKLhSr^t^. 
[0106] imtm9l mffiM7iZ&^X. n1M?9 
v)*mi2Zf&fkt*itZm. Si£ lxl0 19 /cm3K 

-y°LtzGa.nm^2s^yyxbx3— At. r>b— 

T A 1 o. i G a„. 9 NJ1£ 2 5 h O— Ak £££ 

cm® t . *gnuf: o . 6 mattNmnte -r & . - 

pm?9-/bWl 7*J$.Ski*-£&mi>. MgSrlx 
1 0 z o/cm3 K— 7"t^.GaNJfS-2 5^^XhO— 



Ak. 7yH-rA 1 0 . 1 Ga 0 . 9 N®?tr2 5>t-y^Xh 
o-Ak£3c££«Jf U SSitlSO. 6/tm<7)i@^^ 

mt -tzmizzmm 7 1 nmz lt u—?m?zfm t 

fck££. ^m^k<0kt5iir|fp§^f#fiu mn&tt 

[0 107] [HMfi?!llO]|IS£M7^^r. nfflU? 

2*jS»S-tf:**, S i £ 1 x l-Ois/crf 
H-^t^GaNJiSr2 5^-^Xha-Ak. S i £ 
1X1 Oi7/ C m3 K— TtfcA l 0 . 1 Ga 0 . 9 NJl$:2 5 
^^Xhn-Ak^BcSfcftSU ^J?0. 6jum 

ommmmt^z* pffli^7«yK®i7$rBSi* 

$-fr4IKi> . MgSrl XI O 20 /cuP>*— 7*t/£GaN 
«£2 Ak. Mg$-lXl O l8 /cnP 

K-7L/iA 1 o. i G a 0l9 Nf ^ 2 5*y/X ho-A 

tz&RiznmL. mmmo. e vmnfm+imt-r 
ztetemmm7 tmmzLxu— mrzfmLKt z. 

[oi o8] immmi i] mm7izts^x. nia? 

9 -y bmZ ffl®=Ftmtitnz. S i Sr 1 x 1 0i9/cm 
»K— 7*tJfeA 1 o.jGao.gNJfSrO. 6//m<7)KiPr 
«^§-»i:4.— ^r, p{ffl^^yK®17Sr^ft$-fr4l^ 
(4, Mg^lXl 0 2 <>/cm3 K-Tt7tGaN«S:2 5 
jr^^xha— Ak. 1X1 O l8 /cw? b—WtzA. 1 
o. , G a 0 . 9 NJfSr 2 5 its?^ b a-Ak £3c5^«il 

t . «k» o . 6 p. m<7)&m=?ffim.t ■? zmsmmm 7 
tmmizLxu— rmttimvfztz*. mmm7iz 
imLxmm.tem=F±&Ltzti { m t< 100 o«U: 

[0 109] [HSfeCTl 2] UStWmcfcVvC.. nffll^ 

7 >y bm. mfipm? 9 y bmnfmriz&if&Tmm 
mmzmn<v$cmb-y (^imffmmjgzi'i&K . m 

rt«{iT%-) kU iaW^v^rJil 1 Sr««$-frSI^ 
tC. S i ^ 1 X 1 O'Vcn 3 P-7UA 1 0 . 05 Ga 
o. 95 N«5 O^^XhD-Ak. 7>H-7GaNl 
5 03j-^^.M3-Ak$:3cStc^S^ *SKff2// 
mcoj@t&^«k-t4fl!i{4IISSWl7 kPa&rtTl^— 
-?$rf^L/ck-^. HMf97<OfccOtCJttgtT. giffl 
*^HST t . J*#I4 3 0 0 0 B§ISkLh£^ t/S . 

[oho] [^J6^ji3] mnm7izt5^x. nm? 

9 y bMl 2*T>-r ? — 7GaNl20ty/Xha- 
Ak. S i S-l X 1 O^/cm 3 K— TtJtA lo.iGa 
o. 9 N12 0>T>-^ ha-Ak £«J1 t^r^MlCO . 
6jumO@fg^fl§j£k-r&. ^nfflO^^ KSl 3Sr 
Sii&lXl 0 19 Xcm3 F-7*t*:GaNB2 5^y^ 
Xbtl-Ab. 7yh'-7Al 0 . ()5 Ga 0 . 96 Nl2 5^ 
y^Xhn-AkSr3SSt^$-tf:. ®mmo. Um 

cost&^ititk-rs. 

[0111] pIW Fit. Mg£ lx 1 0 
io/c# H— 7* t/S G a NS 2 5 ^y^X h a— A k . 
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7yY—7A 1 o. 05Ga 0 . 95 NJ12 5^"y/Xhn-A 

t *39ssfcjs*s-fr, &$y? o . i nmnmm-mmt 
-th. mz. pm?7v\ i mi7ZTyv-7GaNm 

MgSrlxi0 2 o/cni3H- 
7 LfzA 1 o. i G a„. 9 NJ1£ 2 O^yj/X ha-Ai: £ 

[0 112] [5ttfcM14] H*£0!ll4<i. HJ6fi?97i: 

JitCS i Sri XI 0 18 /cm3£Ui>*-:rUtnMGa 
N^O^nfflgrjy^^hS (nffiS^2<^^t:!Hj¥^ 
#J1) S:2A£mc7)KJPT-««$^. =3r*3. £tf>Jl£T 
yK-TOGaNi:, S i SrH— TLfcA ljGaj.jN 

( 0<X^O . 4 ) fr^ZmtfrFISb LT*>J|V>. 

[0113] nffljri^? hmzifLMZttm. 

iSJgSr8 0 0°CfcLT. SSf^fflM*. TMG, TM 
I, T^t— 7\ 5/7>tfXX\ Si^5xl0 18 /c 
m3 K-rUI n 0 . 1 Ga 0 . 9 NJ:9'5:&?7 -y7Gfr.it 
Jl£5 0 0;t:>'^hu-A<DMJ5T'j£*§^.£. d«0 
79*?l».ifc»;U n£#trnM^-fctl¥3$#^ 18-t 
L <U I n G a NTJfeRS** £ tc «fc 0 , 

tSA i z&tsmwmmtemwz?? -y ?#a&<os- 

Hfrit-r^^t^'-C^-S. ^fc^^-y^GfribJlfil 0 

0. 5/zmtlT<0JKJ5-C^ 
£-£&.rfcj&*Jff£ Uv 1 0 O^yfX Ko-Aj; 0 

m^tmm<?>£oiz?7>y7m±b vx&muz< 

[0114] «fVC» 105 O'CT'TMA. TMG. 7 
y^—7^ >-^>-^'xSrfflV>s SiSrlxiO'Vcm 
3 H-rUnlA 1 o. 2 Ga 0 . 8 N X 93r&*£4 0* 
yyxhV—J±b^ 7yb'-TWGaNIJ4 0^y7' 

it^ix. 1 o 0 Jf-f oft® Lfc . W 0 . 8 jul m(?>tm 

[0 115] gUT, T^H-rAl 0 . 05 Ga 0 . 95 Nj: 
92r& nlM^f F»£ 0 . 1 um<DmmX^.^it 

V*. i7t<roJf SrGaNfcA 1 GaNj&>£>3:.g.i@fg^Jf 

t-r&zt\>x*z>. 

[0 1 1 6] mz^ 7VY-71 n 0 .oiGa 0 .99NJ:0 
=5rSi£<±S£4 0 0*y?xhu-J*<7)mmx&fkZlt 

C 0 1 1 7 ] JJcte. f&T'^fiJc-r* pffllfttf'f H® J: 0 *> 



^N'yH^fA-yrx^l/^-^^V^MgSrl x 10 19 / 
cm3K-/U l :plAl 0 . 2 Ga 0 , 8 Nj:mP« 

[0118] mz. J-sy Y* + 77X*K-tfp||^ 
^•yTJIiDM^tK Al 0 .oiGa 0i99 Nj;O^P 

it. mmofttfj mkLxftm^z. 
^fc-rsdtt-c#^. mm-mt-fh^izu^y 

V*v>y73i*JU*e—<r>Jz&tt<7)m (WMM) <w<y 
H^r-V v7^>V^-\±^mmX < , Pffi!l7 5-y 

[0 1 19]^TMg?rlX10 1 Vcm3K-7 , L 
itpSA 1 o. 2 Ga 0 . 8 NJi£4 O^ty^XYu—J^b, 
7yY-7G a N £ 4 0 h n-A b £3cSk:» 

ffftft L&BRVO . 8 jjl mcr>Mte=Fmffim. J: 0 & £ p 

[0120] mmz^ pm?7>y k«o±c m s £ i 

x 1 0»«/cm» f-rLfcpSGaN J: OftfrpRa 

y??hmz 15 o^-v^ ho- iacdm/S -crtss* 

Jt^P W7 5 -y HJifc* bT . K^-v -y rx^Pdr 
-(7)/jN$^S-ft;!l#^f*:S:pffl!l=J^7h®i:L-C. 

coiup^ 5 o o *yy* yu-2±xxYbm< vx^&tz 
»biz. m&mzv>M^y??hm<7>**v7mgiim< 
%K>pwmbn&L^*-$v?i>mt>tix. m=Fcom 

[0121] fcLtt-j: o*,zvxmim*mw*mkzit 

4um?>Xh74 7WiZM^&Vvim®.b-r&. 
^coXoiz. &Wa£K)i>±mz$>Z>m%xh7-(7#; 
co y vitm&b-th i fctcJ: 0 . att*^)*^^ b 5 
ry »/^TC*tftl. J: dC^r^TKffi^TL. 

i Pfi!l7 7 >•/ h'»l^Lh<7)«S: V »y i^' 

[0122] mzV >y ^HICVX^S-^L. R I E 

izxx.y^-yy^n^. nm^y?? hmommzmft 

T i bA 1 iO^-S.nmffiex h^-fr^fC^ 
-f — S-Pfflla.^^ hSOU -y^'fi^B^liN i i: 
AuJ:0=5:^p«^$rXh5-fr«^j«-rg». pIG 

aNIfcffi -y?i)mt>ti&mmmAb LT 

ti. 0lR{fNi, Pt, Pd, Ni/Au, Pt/A 
u, Pd/Auf^flfSC:tm^. nlGaNfc 
Mi U^*-S .y?#f#£ix&mffi*mfc LT«A 1 . 
Ti, W, Cu, Zn, Sn, I n^)^S$t<li^ 



(19) 



*t«PPl 1-177 175 



o 



o 



[0123] mz, pvmt . nmmtomiz&iiivt: 
^tm¥m#mn$miz s i o 2 «k ^hmmz&fo 

wmitS. §ibfciSB*H^fa^J-Cl^ 
m^U^VT'L-C^K^BSr^ffitttL, Au/Snt 

[0 12 5] Au/Snffi92-^^v>f7-LT. 

^(c^s^^s-rs. *s^ffi{cs io 2 tTio 2 

5, mafciSlrVC. iHM£2. OkA/cm*^ 
ratfmffi4 . OVT, 3 6 8 n mOSUggffcigtf 

5112$ *u ioo o&m&±<vmfiiZ^Ltz. 

[0 126] 

rm^z9m-f&z\b&x'%&. &tzz\<7>u- 
h. mm&jgtte. wjggfcizx&mmmm.mmx'exp 

(T/T 0 > tClfc»r* {T : »ff$U£ (K) „ T 0 : & 
tti&g (K) > . T 0 *^#V^5i:LD{i. ^T'tra 



i.«*^<O|Ufe0« 1 <7)U—?m?X'lZ. T 0 # 1 5 0 

mA-t*)%MtLxm^&ztiz£r), m 
[Hffiofsm^iftBB] 

[01] 4MKfltS-H8im^l'-'9'STafnft 

[@2] a i coiy-^m^mmm. 

[03] '^WBfcWfcWfcPte^- trsfrFOSHBSfc 
7j^"^5$BiH0<> 

[04] *^(c^^,|gjfe^l7^^— WBWHKtt* 
1 0 

1 1 

1 2 
1 3 
14 
1 5 
1 6 

1 7 
18 
19 

2 0 
2 1 
22 
23 

24 - • - n/N"«y FVflL 

2 5 • • • tmm. 



GaN2 
nffl^-y^rJl. 
j@^«iSOn{i!li7 ? >y KJf . 
nfflj^ Hi, 

p{ffln>-^^ f-Jf . 

nfflS^f-v-yrS, 
pflffi. 
P/N' y Kmfii. 
n 



[01 ] 



[02] 



15:p«#«7" XI 
UrnflJA* »7f S 



/22,-pA" »K VB 




•25:ISS8( 

23:n tgft 
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[03] 



[114] 



15q>«*»77" JB 
2kn«!*t77' JB 
12ai«*?7K JB 





